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Abstract 
Besides mechanical properties the quality of ski boots is determined by their comfort characteristics. Boot climate is a 
major comfort measure, especially cold feet affect comfort. The purpose of the study was to determine the 
microclimate in ski boots during skiing. The boot climate was assessed by temperature, relative humidity and water 
absorption. Temperature and relative humidity were measured using 4 sensors placed on the foot above the 
metatarsophalangeal joints of the first and second toe, in the arch of the foot sole, on the dorsum of the foot above os 
cuneiforme II, and between liner and shell at the medial ankle. To determine the amount of absorbed water in liners 
and socks a precision balance was used. Two subjects were recorded during five skiing days. Two low and two high 
quality ski boots of two different boot producers were used for the tests. During all measurements the temperature 
inside the ski boot decreased when skiing at ambient temperature between -6.8°C and 6.0°C. The temperature at the 
toes dropped in four cases clearly below 20°C. High relative humidity values up to 93% and high water absorption in 
socks and liners up to 45.5 g were observed. The results indicate that the ski boot temperature was not affected by ski 
boots of low quality. It is recommended to reconsider the basic construction of liners in order to improve their 
moisture management. One possible improvement may be to construct the liner in a way that sweat and potentially 
melted snow are stored as far away as possible from the foot. In this case the outer layer of the liner should have a 
higher water uptake than the inner layer. In addition, highly hydrophobic sock materials should be selected in order to 
keep the socks dry and to avoid that the feet get wet.  
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1. Introduction 
Besides mechanical properties the quality of ski boots is determined by their comfort characteristics. 
Comfort of ski boots is related to the correct fit of the boot and to the microclimate in the boot. 
Temperature is the most critical factor for assessing thermal wear comfort [1]. Temperature is determined 
by coldness, duration of the exposure to cold, level of physical activity, and moisture in the boot [2,3]. Ski 
boots possess quit good insulation properties. But water vapour transportation through the ski boot liner is 
in general hindered by laminated liner materials. However sweat or melted snow in the liner increase the 
thermal conductance and leads to insulation break downs [4,5,6]. Despite of the importance of the 
temperature management for feeling comfortable there are almost no data about the ski boot climate 
available. So the purpose of this study was to determine the microclimate in ski boots during skiing 
assessed by temperature, relative humidity and water absorption. Additionally, different kinds of ski boots 
were compared. 
2. Methods 
Temperature and relative humidity were measured in the liner between skin and sock using 4 SHT15 
sensors (Sensirion Inc., CH). These sensors have a thickness of 2.5 mm and a surface area of 0.37 cm². 
The 4 sensors were placed on the foot above the metatarsophalangeal joints of the first and second toe 
(toe sensor), in the arch of the foot sole (sole sensor), on the dorsum of the foot above os cuneiforme II 
(dorsum sensor), and between liner and shell above the medial ankle (shell sensor). The signals were 
stored using a 122 g data logger fixed at the lower leg. To determine the amount of water in liner and 
sock a precision balance (Kern 500, Kern & Sohn GmbH, DE) was used. The weight of liner and sock 
respectively was recorded before and after skiing as well as after drying. From the relative humidity and 
temperature the absolute humidity was calculated. Additionally, ambient temperature and ambient relative 
humidity were recorded in the middle part of the slope with a meteorological station. 
Two subjects were recorded without rest between 1.6 and 5.4 hours per day. The subjects used their 
own skiing cloth. The subjects wore socks of the same type (Speedmachine, Nordica Inc., IT) of the 
following composition: 18% wool, 40% acrylic, 40% polyamide, and 2% elastane. Two low (L1,L2) and 
two high quality ski boots (H1,H2) of two different boot producers (Head Inc., Austria and Tecnica Inc., 
Italy) were used for the tests. During recording the buckles of the boots were locked. 
The trials were carried out in ski resorts around Innsbruck, Austria from November 2009 to March 
2010. All the procedures concerning participants were approved by the Institutional Review Board. The 
subjects were detailed informed regarding the objectives and conditions of the tests. Their consent to 
participate was confirmed by their signature.  
3. Results 
Table 2 gives an overview of the collected data. During the tests ambient temperature ranged between 
-6.8°C and 6.0°C and ambient relative humidity between 36.0% and 69.5%. 
The mean of the minimal temperatures of the 6 measurements were 18.2 ± 3.4°C at the toe sensor, 28.6 
± 1.1°C at the dorsum sensor, 28.6 ± 1.7°C at the sole sensor, and 8.1 ± 3.5°C at the shell sensor. The 
temperature at the toes dropped in four cases clearly below 20°C and the differences between toes and the 
rest of the foot was in all tests above 5°C. The lowest temperatures were measured on the toe with 
13.9°C, on the dorsum with 25.7°C, on the sole with 25.8°C, and between shell and liner with 5.2°C. 
Figure 1 shows exemplarily the temperature in the ski boots for subject 1 during wearing different ski 
boots. During these tests mean ambient temperature and humidity were 5.2 ± 0.6°C and 65 ± 1.1% for 
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 (H1) and 1.6 ± 0.4°C and 52 ± 1.1% for (L1). A similar temperature pattern for the different boots and 
activity was measured. At the beginning of each test the foot temperature showed the highest value and 
subsequently a clear decrease to the ambient temperature within circa 1 hour occurred. 
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Fig. 1. Temperature in a high (H1) and a low quality ski boot (L1) during skiing. 
The relative humidity ranged from 50 to 93% at the toe, from 22 to 89% at the dorsum, from 30 to 
91% at the sole, and from 16 to 87% between shell and liner at the ankle during the measurements. The 
mean values for the absolute humidity were 15.9 ± 1.2 g/m³ at the toe, 22.6 ± 0.7 g/m³ at the dorsum, 16.8 
± 1.5 g/m³ at the sole, and 5.2 ± 0.7 g/m³ at the shell sensor during the tests. The mean weight gains of the 
socks were 4.3 g and of the liner 26.3 g for an average test period of 4 h. 
Figure 2 shows exemplarily the relative humidity in the ski boots for subject 1 corresponding to the 
temperature values in Figure 1. The curves show an increase of all sensors. The slightly later increase of 
the relative humidity of the shell sensors is due to the temperature drop shown in Figure 1. Notable are 
the low dorsum sensor values in comparison to the other sensors.  
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Fig. 2. Relative humidity in a high (H1) and a low quality ski boot (L1) during skiing. 
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Figure 3 presents the absolute humidity in the H1 and L1 ski boots. The mean values during the tests 
were 14.0 ± 2.2 g/m³ (H1) and 12.0 ± 2.3 g/m³ (L1) at the toe, 23.3 ± 1.8 g/m³ and 18.8 ± 1.7 g/m³ at the 
dorsum, 14.5 ± 1.1 g/m³ and 12.4 ± 1.1 g/m³ at the sole, and 6.4 ± 0.8 g/m³ and 5.8 ± 0.7 g/m³ at the shell 
sensor, respectively. The socks were quite wet (H1 left 2 g/right 2 g after 5.4 h; L1 left 2 g/right 2.5 g 
after 4.1 h). On average the H1 liner absorbed 14.5 g of water and the L1 liner 7.5 g. 
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Fig. 3. Absolute humidity in a high (H1) and a low quality ski boot (L1) during skiing. 
4. Discussion 
During all measurements the temperature inside the ski boot decreased when skiing at ambient 
temperature between -6.8°C and 6.0°C. The temperature at the toes dropped in four cases clearly below 
20°C and the differences between toes and the rest of the foot was in all tests above 5°C, both limiting 
values for causing discomfort and pain sensation [4]. Due to the absence of big foot muscles the foot is 
warmed mainly by blood flow. However, the blood flow is already significantly reduced at foot 
temperatures below 25°C [7,8]. This problem may be amplified in ski boots since bad fitting of the ski 
boot may reduce the blood flow additionally. Moreover, once the flow through the superficial veins of the 
lower leg has ceased, re-warming the foot does not produce superficial flow until the whole body is 
sufficiently warmed [7]. 
A relatively low level of cooling is sufficient to decrease muscle performance and increase injury risk 
[9]. In particular, an increase in knee injuries at low ambient temperatures for female skiers is reported 
[10]. For steering the skis fine movements of the foot are necessary. It is speculated that the motor control 
of the foot is affected by cooling. However, several other factors which may contribute to the increase of 
knee injuries by cooling are discussed. Cooling increased the latency of soleus H-reflex, which is an 
important mechanism in controlling motor behaviour of the lower leg [11]. The muscle fibre conduction 
velocity of knee muscles was slower with cooling [12]. The ability to maintain dynamic balance in 
females was reduced by cooling of the lower leg [13].  
The results revealed high relative humidity values up to 93% and high water absorption in socks and 
liners up to 45.5 g during skiing. It is reported that high values of moisture reduce the thermal insulation 
of shoes [4,14,15] and ski boots [6]. So the measured decrease in temperature during skiing may be 
partially due to the increase of moisture in the ski boot. The source of moisture gain may be sweating. 
Also the penetration of snow with subsequent melting has to be taken into account. Further test protocol 
in the climate camber allowed to eliminate the possible effect of melted snow.  
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The results indicate that the ski boot temperature was not affected by ski boots of low quality. It seems 
that thermal resistance of the tested ski boots was about the same. This may be explained by the use of 
similar liner materials. The middle layer of the tested liners was made of polymer foam and the outer 
layer was a textile fabric with plastic coating. Differences in the liners were mainly found in the design, 
e.g. superficial material inserts mainly in the calf zone. 
5. Conclusion 
Based on this study it looks important to prevent cooling of the feet especially of the toes during 
skiing. It is recommended to reconsider the basic construction of liners in order to improve their moisture 
management. One possible improvement may be to construct the liner in a way that sweat and potentially 
melted snow are stored as far away as possible from the foot. In this case the outer layer of the liner 
should have a higher water uptake than the inner layer. In addition, highly hydrophobic sock materials 
should be selected in order to keep the socks dry and to avoid that the feet get wet. An important aspect is 
also the overnight drying of the liners to avoid a reduction in thermal resistance.  
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